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BiFeO3 ceramics were investigated by means of infrared reflectivity and time domain THz trans-
mission spectroscopy at temperatures 20 - 950K and the magnetodielectric effect was studied at
10 - 300K with the magnetic field up to 9 T. Below 175 K, the sum of polar phonon contributions
into the permittivity corresponds to the value of measured permittivity below 1MHz. At higher
temperatures, a giant low-frequency permittivity was observed, obviously due to the enhanced con-
ductivity and possible Maxwell-Wagner contribution. Above 200K the observed magnetodielectric
effect is caused essentially through the combination of magnetoresistance and the Maxwell-Wagner
effect, as recently predicted by Catalan (Appl. Phys. Lett. 88, 102902 (2006)). Since the magne-
todielectric effect does not occur due to a coupling of polarization and magnetization as expected in
magnetoferroelectrics, we call it improper magnetodielectric effect. Below 175K the magnetodielec-
tric effect is by several orders of magnitude lower due to the decreased conductivity. Several phonons
exhibit gradual softening with increasing temperature, which explains the previously observed high-
frequency permittivity increase on heating. The observed non-complete phonon softening seems to
be the consequence of the first-order nature of the ferroelectric transition.
PACS numbers: 75.80.+q; 78.30.-j; 63.20.-e;77.22.-d; 73.43.Qt
I. INTRODUCTION
BiFeO3 belongs to multiferroic magnetoelectrics, be-
cause it exhibits simultaneously ferroelectric and antifer-
romagnetic order. This is known already since the be-
ginning of the 1960’s, but the interest to this material
underwent a revival after the pioneering work of Wang
at al.1, who revealed the spontaneous polarization almost
by an order of magnitude higher and substantially higher
magnetization in BiFeO3 thin film compared to the bulk
samples. Very recently, these results were questioned,2
but some other experiments support the former results.3
Recently many scientists paid their attention to magne-
toelectric materials not only because of the rich and fasci-
nating fundamental physics (see reviews4,5), but also be-
cause of the promising potential applications in multiple-
state memory elements.
A ferroelectric phase transition from the cubic Pm3¯m
to rhombohedral R3c phase6 occurs in BiFeO3 at
TC ∼=1120K, and an antiferromagnetic ordering appears
below the Ne´el temperature TN ∼=640K. BiFeO3 is
slightly electrically conducting, which prevents to study
its dielectric properties like polarization and dielectric
permittivity at room and higher temperatures. The fer-
roelectric hysteresis curve is well pronounced only at low
temperatures below 100K, but the observed spontaneous
polarization PS = 6.1.10
−2 µC cm−2 is much lower than
expected from the high Tc and large lattice distortion.
7
We note that smaller PS could be a natural consequence
of the improper nature of ferroelectricity evidenced by
the doubling of the primitive unit cell at the phase
transition which was also confirmed by the first prin-
ciple calculation.1 Recent measurements1,8,9 performed
on thin films revealed PS by one order of magnitude
higher, which was explained by a different ferroelectric
structure, namely the tetragonal structure without the
cell doubling (proper ferroelectric transition). Neverthe-
less, there is still an open question if it is not an arti-
fact due to a higher conductivity in somewhat reduced
thin films, as suggested by Eerenstein et al.2 Tempera-
ture dependence of the bulk permittivity was investigated
above room temperature (RT) only in the high-frequency
and microwave range,10,11, where the conductivity does
not prevent the permittivity measurements. Gradual in-
crease in permittivity from ∼ 40 (at RT) to ∼ 130 near
TC was observed at 10GHz,
11, but the permittivity was
measured only up to close above TC .
2Lattice dynamics of BiFeO3 was investigated only re-
cently by means of Raman scattering.12,13,14 It was re-
vealed that the Raman active phonons abruptly disap-
pear near TC , which supports the first-order nature of
the PT.14 Phonon anomalies were discovered near TN ,
but no strong phonon softening was observed near TC .
Therefore Haumont et al.14 suggested that the ferroelec-
tric PT in BiFeO3 is not soft-mode driven. Factor group
analysis of the lattice vibrations in the R3c structure with
two formula units per unit cell (Z=2) yields the following
optic phonons
ΓR3c = 4A1(z, x
2 + y2, z2) + 5A2(−) +
+9E(x, y, x2 − y2, xy, xz, yz). (1)
It means that 4A1 and 9E modes are both Raman and
infrared (IR) active, while 5A2 modes are silent. The
paraelectric Pm3¯m phase with Z=1 gives rise to 3 only
IR active modes and one silent mode:
ΓPm3¯m = 3F1u(x) + 1F2u(−). (2)
This explains the vanishing of phonons from the Raman
spectra above TC .
14
IR spectra of BiFeO3 were not yet investigated. We
found only one brief report in the literature about IR
spectra of Bi1−xLaxFeO3 powders measured only at room
temperature.15 The aim of this work is to study the
temperature dependence of polar modes, including their
contribution into permittivity, and compare it with the
experimental low-frequency permittivity. We will show
that the observed increase in the intrinsic permittivity
on heating is due to the gradual phonon softening with-
out additional dielectric dispersion between the THz and
MHz range. The revealed incomplete phonon softening
towards TC will be assigned to the first order nature of
the ferroelectric transition. Above 175 K, the effective
permittivity gains giant values due to the enhanced con-
ductivity and Maxwell-Wagner effect.
Influence of the magnetic field on the dielectric permit-
tivity (magnetodielectric effect) will be investigated up
to 9 T between 10 and 300K and we will show, that the
magnetodielectric effect in BiFeO3 is not a consequence
of coupling of spontaneous polarization and magnetiza-
tion but due to combination of magnetoresistence and the
Maxwell-Wagner effect, how it was recently theoretically
proposed by Catalan.16
II. EXPERIMENTAL
BiFeO3 powders were prepared by conventional solid-
state reaction using high-purity (better than 99.9%)
Bi2O3 and Fe2O3 as starting compounds. After mix-
ing in stoichiometric proportions, powders were calcined
at 850 ◦C for 2h, uniaxially cold pressed, and sintered
at 880 ◦C for 2h, similarly to the synthesis proposed by
Wang at al.17 At the end of the procedure, we obtained
almost a pure perovskite phase of BiFeO3. Our XRD
analysis revealed only one very tiny pattern of Bi2O3
giving the evidence that the concentration of the sec-
ond phase is less than 4%. Such concentration cannot
have significant influence on the IR spectra. The ceram-
ics were slightly porous (less than 5%), therefore the re-
flectivity above 250 cm−1 could be slightly reduced by
diffuse scattering on the surface roughness. Neverthe-
less, such imperfections cannot appreciably influence the
phonon frequencies and their relative changes with tem-
perature, which are the main tasks of our studies.
Dielectric response of BiFeO3 ceramics was investi-
gated from 10K to 700K using an impedance analyzer
HP 4192A (100 Hz-1 MHz). The magnetoelectric effects
were determined by measuring the changes of permittiv-
ity and resistivity with magnetic fields up to 9 T (PPMS,
Quantum design) at temperatures 10 - 300K. The mea-
surements were performed at frequency 1 kHz with ultra-
precision capacitance bridge Andeen-Hagerling 2500A.
The same ceramic disk with diameter of 7.3mm and
thickness of 0.78mm was used in both studies with and
without magnetic field.
Measurements at THz frequencies from 3 cm−1 to 60
cm−1 (0.09 - 1.8THz) were performed in the transmis-
sion mode using a time-domain THz spectrometer based
on an amplified femtosecond laser system. Two ZnTe
crystal plates were used to generate (by optic rectifica-
tion) and to detect (by electro-optic sampling) the THz
pulses. Both the transmitted field amplitude and phase
shift were simultaneously measured; this allows us to de-
termine directly the complex dielectric response ε∗(ω).
An Optistat CF cryostat with thin mylar windows (Ox-
ford Inst.) was used for measurements down to 10K. For
sample heating up to 900K, we used an adapted com-
mercial high-temperature cell (SPECAC P/N 5850) with
1mm thick sapphire windows. Because of the high THz
absorption, the sample was a plane-parallel plate (diam.
7mm) of only 46µm thickness.
IR reflectivity spectra were obtained using a Fourier
transform IR spectrometer Bruker IFS 113v in the fre-
quency range of 20 - 3000 cm−1 (0.6 -90 THz) above RT,
at lower temperature the reduced spectral range up to
650 cm−1 was investigated since this is the transparency
range of the polyethylene windows of our cryostat. Pyro-
electric deuterated triglycine sulfate detectors were used
for the room and higher temperature measurements,
while more sensitive He-cooled (1.5 K) Si bolometer was
used for the low-temperature measurements. Commer-
cial high-temperature sample cell (SPECAC P/N 5850)
was used for the high-temperature experiments up to
950K. No windows were needed because the cell was
placed in the vacuum chamber of the spectrometer. Ther-
mal radiation entering the interferometer from the hot
sample was taken into account in our spectra evaluation,
but it also enhanced the noise in the spectra especially
below 100 cm−1. Polished disk-shaped samples with a
diameter of 8mm and thickness of ∼0.8mm were used.
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FIG. 1: (Color online) Temperature dependence of the IR
reflectivity spectra of BiFeO3 ceramics. We note that the
reflectivity value above 200 cm−1 may be slightly reduced due
to a small porosity of the ceramics and subsequent diffuse
scattering of the IR beam. This can apparently enhance the
phonon damping in the fit of our spectra, but the phonon
frequencies are not substatially influenced.
III. RESULTS AND EVALUATIONS
A. Infrared and THz studies
Experimental IR reflectivity spectra of BiFeO3 plot-
ted at selected temperatures between 20 and 950K are
shown in Fig. 1. 13 reflection bands are well resolved
at 20K, which exactly agrees with the predicted num-
ber of IR active modes in the rhombohedral phase (see
Eq 1). Most of the phonons gradually weaken on heating
because the strengths of the newly activated modes in
the rhombohedral phase are proportional to the square
of the order parameter18. Simultaneously dampings of all
modes increase on heating. Both these effects cause that
apparently only four IR reflection bands are resolved at
950K (see Fig. 1) although actually still 13 modes are
needed for the reflectivity fit up to the highest temper-
ature (see the fitting method below). One can expect
that the strength of most modes will further gradually
decrease on heating above 950K and stepwise vanish at
Tc ∼= 1120K due to the first order phase transition into
the cubic phase, where only 3 polar modes are permitted
by symmetry.
IR and THz spectra were fitted simultaneously using a
generalized-oscillator model with the factorized form of
the complex permittivity:19
ε∗(ω) = ε∞
∏
j
ω2LOj − ω
2 + iωγLOj
ω2TOj − ω
2 + iωγTOj
(3)
where ωTOj and ωLOj denotes the transverse and longi-
tudinal frequency of the j-th polar phonon, respectively,
and γTOj and γLOj denotes their corresponding damping
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FIG. 2: (Color online) Complex dielectric spectra of BiFeO3
at selected temperatures. The dots are experimental THz
data, lines are results of the reflectivity fits. Note the shifts
of ε” peaks to lower frequencies due to the phonon softening
on heating.
constants. ε∗(ω) is related to the reflectivity R(ω) by
R(ω) =
∣∣∣∣∣
√
ε∗(ω)− 1√
ε∗(ω) + 1
∣∣∣∣∣
2
. (4)
The high-frequency permittivity ε∞ resulting from
the electronic absorption processes was obtained from
the room-temperature frequency-independent reflectivity
tails above the phonon frequencies and was assumed tem-
perature independent.
Real and imaginary parts of ε∗(ω) obtained from the
fits to IR reflectivity are shown together with the experi-
mental THz spectra in Fig. 2. The high-temperature THz
data do not exactly correspond to the fit of reflectivity
mainly due to possible inaccuracy of the THz experi-
ment as a consequence of possibly different temperature
of the sapphire windows in the furnace during the sepa-
rate reference and sample measurements. Nevertheless,
one can see the frequency shift (softening) in the max-
ima of dielectric-loss spectra (ε”) with increasing tem-
perature. Since the ε”(ω) maxima correspond to ωTOj
frequencies (for not too-heavily damped modes), one can
see that most of the polar phonons soften on heating. The
4phonon softening causes an gradual increase in the static
permittivity ε0 =
∑
∆εj + ε∞ with increasing tempera-
ture (see Fig. 3) because the sum f of all the oscillator
strengths fj is expected to be practically temperature
independent:
f(T ) =
n∑
j=1
fj =
n∑
j=1
∆εj .ω
2
TOj = const. (5)
∆εj denotes the contribution of the j-th mode to static
permittivity and can be obtained from the formula19
∆εj = ε∞ω
−2
TOj
∏
k ω
2
LOk − ω
2
TOj∏
k 6=j ω
2
TOk − ω
2
TOj
. (6)
Eq. 5 is expected to be fulfilled on very general basis of
summation rules20 and in the case of uncoupled phonons
even each oscillator strength fj remains temperature in-
dependent (i.e. ∆εj .ω
2
TOj = const.). It means that if
e.g. the j-th phonon frequency reduces twice its fre-
quency ωTOj , its dielectric strength ∆εj increases four
times. Partial softening of two lowest frequency modes
from 76 and 99 cm−1 at 20 K to 67 and 82 cm−1 at 900
K, respectively, explains the observed rise in permittivity
on heating (Fig. 3) similarly as the Cochran-type soften-
ing explains the Curie-Weiss anomaly near the ferroelec-
tric PT in proper displacive ferroelectrics. Fig. 3 shows
that the static permittivity ε0 from phonon contributions
continuously increases almost linearly with temperature.
Experimental value of ε0 obtained above 600K slightly
deviates from the linear fit (see Fig. 3), but it is difficult
to claim that it is due to spin-phonon interaction which
disappears above the Ne´el temperature (TN ≈ 640K),
because the deviation from the linear fit lies within the
limits of our experimental accuracy. Nevertheless, there
are some other experimental evidences (e.g. measure-
ment of temperature dependence of the rhombohedral
angle around TN )
21 suggesting a strong spin-lattice cou-
pling.
Let us compare the static permittivity ε0 in Fig. 3 with
the published 300 MHz10 and 10 GHz11 dielectric data.
Our values of ε’(T) in Fig. 3 correspond to 300 MHz
data.10 Krainik at al.11 observed slightly higher ε’(T),
but the 10 GHz high-temperature experiment is rather
complicated and of lower accuracy, therefore we believe
more to the 300 MHz data, which correspond well to
ours. Small dielectric anomaly seen at TC in Ref.
11 is
compatible with the improper ferroelectric nature of the
PT due to the doubling of unit cell6 below TC . The
non complete phonon softening of two lowest frequency
modes (obtained from our IR spectra taken below 950K
by extrapolation of phonon frequencies to TC) can be
explained by the probably strongly first-order nature of
the ferroelectric transition in BiFeO3.
Let us compare the phonon frequencies observed at
RT IR spectra of ceramics with Raman modes observed
in single crystal14 and thin film13 (see Table I). Hau-
mont et al.14 observed two modes in Raman spectra be-
low 85 cm−1, while in IR spectra we clearly see only one
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FIG. 3: Temperature dependence of the static permittivity ε0
obtained from the fit to IR reflectivity.
TABLE I: Polar mode parameters of the BiFeO3 ceramics ob-
tained from the fit to the 300K reflectivity (see Eqs. 3 and
4) and phonon frequencies observed in Raman spectra of sin-
gle crystal and thin film. All parameters are in cm−1, ε∞ =
4.0. Assignment of the phonon symmetry is given in the last
column.
infrared spectra Raman spectra
ωTO γTO ωLO γLO crystal
14 film13 symmetry
71.9 14.3 77.6 7.0 56.1, 84.1 E
99.4 57.1 122.3 91.6 95.3 E
134.6 34.1 152.0 53.1 127.1, 141.4 136 A1
170.3 44.2 171.4 11.8 162.9 168 A1
228.0 52.9 236.3 45.6 204.6 212 A1
262.8 43.4 272.0 81.7 261.3 275 E
310.5 164.4 342.5 30.6 316.6 335 E
345.1 33.1 367.4 14.8 363 E
369.2 13.2 426.4 32.5 383.6 E
433.1 34.3 466.7 25.2 425 A1
472.5 34.6 499.6 50.5 456 E
521.1 45.7 532.8 116.1 530.9 549 E
554.9 73.3 603.5 57.7 597 E
mode near 72 cm−1. We think that the lower-frequency
Raman mode might be artifact of the filter removing the
elastic peak from the Raman spectra. All TO modes pre-
dicted from the factor group analysis are seen in our IR
spectra, but some of the modes are missing in Raman
spectra, presumably due to their low Raman activity.
The Raman mode frequencies in thin films are slightly
shifted against the modes seen in single crystal, possi-
bly due to a strain effect in the film. Polarized Raman
spectra of the thin film allowed to assign the symmetry
of some modes,13 and our assignment in table I is ex-
tended to all the observed modes. The lowest-frequency
5E and A1 modes probably represent the soft mode dou-
blet stemming from the triply degenerate soft mode from
the Brillouin zone boundary (IR and Raman inactive) in
the cubic phase.
Raman modes do not exactly correspond to the IR TO
mode frequencies. It is known that the grain boundaries
in ceramics may cause stiffening of the soft mode in com-
parison with single crystal due to a small-permittivity
grain-boundary layer (so called dead layer), but such ef-
fect is remarkable only in the case of high-permittivity
materials (i.e. with a strong soft mode at low frequen-
cies). Typical example of such ceramics, where the stiff-
ening of the soft mode was observed, is SrTiO3.
22 Using
effective medium approximation, Rychetsky and Petzelt
have shown23 that all polar phonon frequencies should ex-
hibit an increase with the grain boundary concentration,
and the shift of the TO phonon frequency squared should
be proportional to the dielectric strength of the mode.
Since the usual polar modes have much lower dielectric
strengths than the soft mode, their shift should be much
lower than that of the soft mode. The phonons contribute
less than 50 to the relative permittivity of BiFeO3 while
in SrTiO3 they contribute more than 20000 at low tem-
peratures. Therefore the effect of the mode stiffening due
to the grain boundaries in BiFeO3 should be small and
insignificant for explanation of differences between the
TO phonon frequencies in ceramics and single crystals.
The problem of the mode frequency determination in
the case of dielectrically anisotropic grains (in ceramics
or polycrystalline films) or domains (in polydomain crys-
tals) is more relevant in our case of BiFeO3 . The proper
way how to evaluate the IR reflectivity spectra in such a
case is also through using the effective medium approxi-
mation, if the grain (domain) size is much smaller than
the probing wavelength.31,32 This approach may effec-
tively shift the TO mode frequencies and may cause also
some spurious peaks (so called geometrical resonances)
in the reflectivity. In our case of standard fits using
the Eq. 3, which neglect this problem, the determined
TO frequencies may slightly differ from the actual E and
A1 mode frequencies. Moreover it becomes clear that
the corresponding LO frequencies have no real physical
meaning at all (neglecting damping, they correspond to
zeros of the effective dielectric function, but not to zeros
of the dielectric functions along the principal axes of the
dielectric ellipsoid), as well as the mode strengths and
probably also the dampings. On the other hand, also in
Raman spectra the peaks do not correspond necessarily
accurately to TO and LO frequencies, but may lay in be-
tween due to the angular dispersion of the polar modes.
In this way, some differences between the evaluated IR
and Raman modes in polycrystalline samples with di-
electrically anisotropic grains are quite naturally to be
expected.
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FIG. 4: (Color online) Temperature dependence of the low-
frequency permittivity (a) and dielectric loss (b) in BiFeO3
ceramics. Low-frequency tan δ is not shown at low tempera-
tures due to the high noise. Inset (c) shows the temperature
dependence of conductance G (full symbols) and ratio of con-
ductance and capacitance G/C (empty symbols).
B. Dielectric and magnetodielectric studies
We measured also the complex permittivity in the
range below 1MHz, however the results show the in-
trinsic permittivity only below 170K (see Fig. 4). At
higher temperatures both ε’ and tan δ remarkably rise,
presumably due to a Maxwell-Wagner-type contribution
to the permittivity24,25 as a consequence of the increased
conductivity and its inhomogeneity in the sample (see
Fig. 4c). Intrinsic ε’ with the value below 40 is dispersion-
less at low temperatures and ε’ slightly increases on
heating due to the above mentioned phonon softening.
Within the accuracy of measurement, the value of ε’ cor-
responds to Fig. 3 as well as to previously published high-
frequency data.10,11 It means that no dielectric relax-
ation is expected between the kHz and THz range below
175K. Some authors observed twice higher ε’ in BiFeO3
ceramics26 and thin films8,27 at RT, but this might be
influenced by a Maxwell-Wagner contribution or by the
substrate induced strain in the thin film.
Magnetoferroelectric materials should exhibit changes
of the spontaneous polarization and permittivity with
magnetic field.4 Nevertheless, it was found that the lin-
ear magnetoferroelectric effect should not take place in
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ative permittivity and b) relative conductance changes mea-
sured at 1 kHz at various temperatures. Higher noise in con-
ductance changes at low temperatures is caused by the low
conductivity below 150K.
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BiFeO3 due to its cycloidal antiferromagnetic structure
of the G-type. The linear magnetoferroelectric effect was
observed only above 20 T, due to unwinding of the cy-
cloidal magnetic ordering in high magnetic fields.28 How-
ever, Fig. 5a shows some non-zero variation of the per-
mittivity with magnetic field up to 9T. No giant changes
(like in TbMnO3
29) were observed, but the changes at
250 and 225K are one order of magnitude larger than
in recently studied Nb-doped BiFeO3 ceramics,
26 which
exhibits six orders of magnitude lower conductivity than
our BiFeO3 ceramics. However, above 250 and be-
low 200K the magnetodielectric effect dramatically de-
creases and below 175K, i.e. in the temperature range
where the Maxwell-Wagner mechanism does not con-
tribute to the permittivity, the magnetodielectric effect
is very low ( ε(H)−ε(0)
ε(0) ≈ 10
−5). Simultaneously, Fig. 5b
shows that the conductance of BiFeO3 is dependent on
the magnetic field. The changes are not very large, but
since we measure the effective conductance, from our
measurement at a single frequency we cannot distinguish
the conductance of grain bulk and grain boundaries (as
well as their changes with magnetic field), which proba-
bly differ. In this case the impedance spectroscopy30 in
a wide frequency and temperature range should be used,
which will be the subject of our next study.
It becomes clear that the strong magnetodielectric ef-
fect seen in Fig. 5a above 200K is a consequence of a com-
bination of the magnetoresistance and Maxwell-Wagner
effect, as recently proposed by Catalan.16 In his model it
is assumed that the grain boundaries and/or interfacial
layers between the sample and electrodes may show dif-
ferent resistivity and magnetoresistance than the grain
bulk. This model predicts the maximal magnetodielec-
tric effect around the frequency f = 1/RC = G/C (R
- resistivity, C - capacity, G - conductance).16 Fig. 4c
shows the G/C maximum of 22 kHz at 228K in good
agreement with the maximal permittivity change with
magnetic field observed at 1 kHz between 225 and 250K
(Fig. 5a).
Our explanation of the observed magnetodielectric ef-
fect in BiFeO3 shows that the change of permittivity
with magnetic field occurs in BiFeO3 not due to cou-
pling of spontaneous polarization and magnetization, as
expected in magnetoferroelectrics, but due to a combi-
nation of the magnetoresistance and Maxwell-Wagner ef-
fect. Therefore we suggest to call this effect improper
magnetodielectric effect. Similar effect can be seen also
in other non-ferroelectrics magnetoresistive materials.
We have to stress that our data on magnetodielectric
effect were obtained always after 3 hours of temperature
stabilization, because a slow temporal relaxation of ca-
pacitance and conductance was unexpectedly observed
at all investigated temperatures. Such an aging deterio-
rated the magnetodielectric measurements if we started
only several minutes after setting the measurement tem-
perature. The aging was most remarkable above 200K,
i.e. in the temperature range where the Maxwell-Wagner
effect becomes important. Example at 225K is seen in
7Fig. 6, which shows that even two relaxation processes
contribute to the temporal change of capacitance and
conductance. The first fast process causes the steep de-
crease in capacity during the first half an hour, while
the second process is remarkable even after 7 hours and
the relaxation continues also after applying the magnetic
field. One could e.g. speculate that the two relaxations
are caused by two types of interfaces (grain boundaries
and dielectric-electrode interfaces). However, the ques-
tion arises if the temperature drifts cannot influence such
a behavior. As the conductance steeply changes by three
orders of magnitudes between 275 and 175K (from 9.6
µS to 6.1 nS - see Fig. 4c), some small change of C or G
could be expected if the sample temperature is drifting in
the mK scale. However, the sample was placed in the He
gas, which provides a good thermal contact and therefore
no temperature drifts are expected in the long-time scale
of our measurements. But we cannot exclude that the
faster relaxation (first half an hour) is due to the tem-
perature stabilization. Slow-time relaxation should be
assigned to some slow diffusion of defect charges, but de-
tailed understanding is missing. It is worth to note that
some long-time relaxations of capacitance and resistivity
were observed also in other systems.33,34 A study of these
phenomena is in progress.
IV. CONCLUSION
THz and IR spectra obtained between 20 and 950K re-
vealed a remarkable lattice softening, which explains the
experimentally observed increase in permittivity on heat-
ing. The number of observed polar phonons corresponds
to that predicted by the factor group analysis. Strengths
of the most modes gradually decrease on heating, because
only 3 polar modes are permitted in the cubic phase
above 1120K. IR phonon frequencies were compared
with the Raman spectra and the phonon symmetries were
assigned. Possible differences between the IR and Raman
frequencies are discussed. Non-complete phonon soft-
ening towards TC was observed and explained by the
first-order nature of the ferroelectric transition. The ob-
served magnetodielectric effect and giant low-frequency
permittivity at temperatures above 200K was explained
by combination of the magnetoresistance and Maxwell-
Wagner effect. Unexpected slow temporal relaxation of
capacitance and conductance was observed.
Finally it should be stressed that the magnetodielec-
tric effect in BiFeO3 ceramics is not caused by a cou-
pling of polarization and magnetization as expected for
magnetoferroelectric multiferroics. Since it is caused by
combination of magnetoresistance and Maxwell-Wagner
polarization effect, we call it improper magnetodielectric
effect. Similar magnetodielectric effect can be expected
also in nonferroelectric slightly conducting materials with
large magnetoresistance.
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